Estrogen-induced G1/S transition of G0-arrested estrogen-dependent breast cancer cells is regulated by mitochondrial oxidant signaling.
We previously reported that 17-beta-estradiol (E2)-induced mitochondrial reactive oxygen species (mtROS) act as signaling molecules. The purpose of this study was to investigate the effects of E2-induced mtROS on cell cycle progression. E2-induced cell growth was reduced by antioxidants N-acetyl-L-cysteine (NAC), catalase, and the glutathione peroxidase mimic ebselen. Flow cytometry showed that mitochondrial blockers of protein synthesis (chloramphenicol), transcription and replication (ethidium bromide), and function (rotenone, rhodamine 6G) blocked E2-induced G1 to S transition. Reduction of E2-induced DNA synthesis in the presence of mitochondrial blockers occurred without influencing the level of ATP. Additionally, the mitochondrial blockers inhibited the E2-induced expression of early cell cycle genes such as cyclins D1, D3, E1, E2, and B2. NAC or rotenone reduced E2-induced cyclin D1 expression. Furthermore, E2-induced binding of AP-1 and CREB to the TRE and CRE response sequences, respectively, in the promoter of cyclin D1 was inhibited by NAC or rotenone. In addition, E2-induced expression of PCNA, PRC1, and bcl-2 were inhibited by mitochondrial blockers. These data indicate that E2-induced mtROS are involved in the regulation of early G1-phase progression. Since neither antioxidants nor mitochondrial blockers used in this study are reported to bind the estrogen receptor (ER), our findings suggest that E2-induced mtROS modulates G1 to S transition and some of the early G1 genes through a nongenomic, ER-independent signaling pathway. Thus, our results suggest (1) a new paradigm that estrogen-induced mitochondrial oxidants control the early stage of cell cycle progression and (2) provide the basis for the discovery of novel antioxidant-based drugs or antioxidant gene therapies for the prevention and treatment of estrogen-dependent breast cancer.